Introduction
============

In the past several decades, researchers have struggled to find effective clinical approaches for the treatment of cancer and have searched for novel anticancer agents.[@b1-dddt-8-1047]--[@b3-dddt-8-1047] Berberine, an isoquinoline alkaloid isolated from the roots and stem bark of the Berberis species, is widely used as a traditional medicine for treating diarrhea and gastrointestinal disorders.[@b4-dddt-8-1047] In the past several years, berberine has shown a wide range of biochemical and pharmacological activities.[@b5-dddt-8-1047]--[@b11-dddt-8-1047] Research on the anticancer activity of berberine in particular has received widespread attention and has achieved fairly good results.[@b12-dddt-8-1047]--[@b19-dddt-8-1047] However, berberine was poorly absorbed in the intestines and thus showed a low inhibitory effect on cancer cell growth, which seriously affected the application prospects of berberine as an anticancer drug.[@b20-dddt-8-1047]--[@b21-dddt-8-1047]

The concept of "click" chemistry was introduced in 2001. The catchy term "click" refers to the facile, efficient, selective, and versatile chemical transformations that lead to a single reaction product.[@b22-dddt-8-1047],[@b23-dddt-8-1047] Although different chemical reactions (eg, cycloadditions, nucleophilic substitutions, additions to carbon--carbon double bonds) can be considered to be of the "click" type, copper(I)-catalyzed azide--alkyne cycloaddition (CuAAC) is regarded as a prime example of "click" chemistry.[@b24-dddt-8-1047],[@b25-dddt-8-1047] This reaction is regioselective, chemoselective, and moreover can be performed in aqueous medium at room or physiological temperature. Several recent reports have confirmed that CuAAC is a very useful method in bioapplications as diverse as drug discovery, drug delivery, and gene therapy.[@b26-dddt-8-1047]--[@b32-dddt-8-1047] Thus, CuAAC has become a very popular tool in drug research.

To enhance the inhibitory function of berberine, the functionalized benzyl-modified berberine derivative compounds 4--36 were synthesized via CuAAC "click" chemistry from berberrubine and relevant azides and screened for cytotoxicity in vitro in human MCF-7 breast adenocarcinoma cells, human SW-1990 pancreatic carcinoma cells, and human SMMC-7721 liver carcinoma cells. This study is presented in two parts for clarity, the synthesis of new triazolyl berberine derivatives and the results of testing their anticancer properties. Several types of functional groups, specifically triazolyl berberine derivatives, were investigated to determine the structure--activity relationship.

Materials and methods
=====================

Synthesis and purification of triazolyl berberine derivatives
-------------------------------------------------------------

In this study, 33 triazolyl berberine derivatives were synthesized. This is the first report of any of them. The initial synthesis of the triazolyl berberine derivatives is illustrated in [Figure 1](#f1-dddt-8-1047){ref-type="fig"}. First, structural modifications at berberine C-9 (compound 1) can be envisaged after converting the methoxy group to a hydroxyl to obtain berberrubine (compound 2). Stirring compound 1 with dimethylformamide (DMF) at 190°C yielded berberrubine.[@b33-dddt-8-1047] Second, compound 3 was synthesized with an overall yield of 60% from berberrubine and propargyl bromide by a nucleophilic substitution reaction. Azides were prepared from their corresponding benzyl halides by diazotization in acidic conditions followed by displacement with sodium azide, with good to excellent yield (approximately 85% yield). Reaction of compound 3 with aromatic azides in the presence of CuSO~4~ · 5H~2~O and sodium ascorbate in DMF resulted in the derivatives 4--36 in excellent yields. The structures of the synthesized target compounds were elucidated by ^1^H nuclear magnetic resonance (NMR), ^13^C NMR, and mass spectrometry (MS). By employing the above reaction conditions, a series of triazolyl berberine derivatives that have varied substitutions on the aromatic ring were synthesized from a range of aromatic azides. All spectral data were in accordance with the assumed structures.

Chemistry
---------

^1^H NMR and ^13^C NMR spectra were recorded using tetramethylsilane (TMS) as the internal standard in dimethyl sulfoxide (DMSO)-*d~6~* with a Bruker BioSpin GmbH (Billerica, MA, USA) spectrometer at 300 MHz and 75 MHz, respectively. The chemical shifts are reported in ppm relative to TMS as the internal standard, and coupling constants were measured in Hz. Electrospray ionization (ESI)-MS was recorded on an Agilent 1100 LC/MSD (70 eV) spectrometer (Agilent Technologies, Santa Clara, CA, USA). High-resoution mass spectrometry was recorded on a Waters Micromass^®^ Q-Tof micro™ mass spectrometer (Milford, MA, USA). All other reagents and starting materials were purchased and used as received (Sigma-Aldrich Co, St Louis, MO, USA; Tokyo Chemical Industry Co, Ltd, Tokyo, Japan; Adamas Reagent, Ltd, Shanghai, China). Reactions were monitored by analytical thin-layer chromatography (TLC) using silica gel 60 F254 plates, and spots were visualized by ultraviolet light irradiation (254 nm). Flash column chromatography was performed with silica gel (200--300 mesh). All reagents were purchased from Sigma-Aldrich Co, (St Louis, MO, USA). All solvents and reagents were analytical pure, and no further purification was needed. All starting materials were commercially available.

To a solution of NaN~3~ (50 mg, 0.77 mmol) in DMF (10 mL), a benzyl compound (0.6 mmol) was added, and the reaction mixture was sonicated at 35°C until completion, monitored by TLC. Compound 3 (160 mg, 0.4 mmol), CuSO~4~ · 5H~2~O (30 mg, 0.12 mmol) and sodium ascorbate (50 mg, 0.25 mmol) were added to this mixture. The mixture was stirred at room temperature for 3 hours, filtered and then evaporated under vacuum, while being monitored by TLC. The crude mixture was extracted with dichloromethane (3×40 mL), and the combined organic layer was dried over sodium sulfate and purified through column chromatography to give pure compounds 4--36 at 50%--90% yields.

Synthesis of berberrubine (compound 2)
--------------------------------------

Commercially available berberine (compound 1, 1.1 g) chloride was heated at 190°C in a vacuum oven under reduced pressure (20--30 mmHg) for 1--2 hours to obtain berberrubine (compound 2, 2.885 mg) in 90% yield. Dark red solid; yield 88% ^1^H NMR (300 MHz, DMSO): δ 9.19 (s, 1H), 7.90 (s, 1H), 7.45 (s, 1H), 7.34 (s, 1H), 6.80 (s, 2H), 6.00 (s, 2H), 4.85 (s, 2H), 3.83 (s, 3H), 3.09 (s, 2H); [@b1-dddt-8-1047]3C NMR (DMSO): δ 162.7, 149.6, 149.4, 148.0, 145.8, 134.0, 132.2, 129.2, 122.5, 121.4, 120.1, 118.2, 107.7, 106.9, 104.3, 101.8, 55.2, 54.1, 27.5; high-resolution (HR)-ESI-MS calculated for C~19~H~16~NO~4~^+^ \[M+1−Cl\]^+^ 323.1079, found 323.1078.

Synthesis of 9-O-(propyne) berberine chloride (compound 3)
----------------------------------------------------------

To a solution of compound 2 (540 mg, 1 mmol) in acetonitrile, propargyl bromide (240 mg, 1.2 mmol) was added and the reaction mixture was stirred at 75°C for 4 hours. Reaction was monitored by TLC and the crude product was subjected to column chromatography to give pure compound 3 (350 mg, 65% yield). Yellow solid, ^1^H NMR (300 MHz, DMSO): δ 9.88 (s, 1H), 8.97 (d, J=7.8 Hz, 1H), 8.22 (t, J=8.8 Hz, 1H), 8.03 (dd, J=14.8, 9.1 Hz, 1H), 7.80 (s, 1H), 7.09 (s, 1H), 6.18 (s, 2H), 5.09 (d, J=2.4 Hz, 2H), 4.96 (t, J=6.1 Hz, 2H), 4.09 (d, J=5.6 Hz, 3H), 3.62 (t, J=2.4 Hz, 1H), 3.21 (t, J=6.1 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.20, 150.38, 148.19, 145.82, 141.19, 138.12, 133.42, 131.22, 127.03, 124.76, 122.58, 120.90, 120.79, 108.92, 105.96, 102.60, 80.30, 79.26, 61.44, 57.65, 55.79, 26.82; HR-ESI-MS calculated for C~22~H~18~NO~4~^+^ \[M+1−Cl\]^+^ 361.1235, found 361.1239.

General procedure for the synthesis of compounds 4--36
------------------------------------------------------

To a solution of NaN~3~ (50 mg, 0.77 mmol) in DMF (10 mL), compound of benzyl (0.6 mmol) was added and the reaction mixture was sonicated at 35°C until completion, monitored by TLC. To this mixture, compound 3 (160 mg, 0.4 mmol), CuSO~4~ · 5H~2~O (30 mg, 0.12 mmol) and sodium ascorbate (50 mg, 0.25 mmol) were added. The mixture was stirred at room temperature for 3 hours, filtered, and then evaporated under vacuum, monitored by TLC. The crude mixture was extracted with dichloromethane (3×40 mL) and the combined organic layer was dried over sodium sulfate and purified through column chromatography to give pure compounds 4--36 in 50%--90% yield.

### 9-O-\[4-ethyl-(1-benzyl)-1H-1,2,3-triazole\] berberine chloride (compound 4)

Yellow solid, yield 74%; ^1^H NMR (300 MHz, DMSO): δ 9.64 (s, 1H), 8.94 (d, J=15.5 Hz, 1H), 8.38 (s, 1H), 8.21 (t, J=9.3 Hz, 1H), 8.03 (t, J=12.0 Hz, 1H), 7.79 (s, 1H), 7.19 (ddd, J=38.5, 14.7, 7.5 Hz, 6H), 6.18 (s, 2H), 5.57 (s, 2H), 5.46 (s, 2H), 4.80 (s, 2H), 4.06 (s, 3H), 3.11 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.49, 150.38, 148.22, 145.65, 143.07, 141.82, 137.89, 136.48, 133.36, 131.11, 129.17, 128.51, 128.07, 127.03, 126.45, 125.94, 124.52, 122.50, 120.87, 120.78, 115.67, 108.93, 105.92, 102.61, 66.82, 57.67, 55.78, 53.24, 26.81; HR-ESI-MS calculated for C~29~H~25~N~4~O~4~^+^ \[M+1−Cl\]^+^ 494.1903, found 494.1908.

### 9-O-\[1-(2-fluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 5)

Yellow solid, yield 70%; ^1^H NMR (300 MHz, DMSO): δ 9.66 (s, 1H), 8.92 (s, 1H), 8.33 (s, 1H), 8.20 (d, J=9.1 Hz, 1H), 8.00 (d, J=9.2 Hz, 1H), 7.80 (s, 1H), 7.33 (d, J=6.9 Hz, 1H), 7.16 (t, J=9.3 Hz, 3H), 7.09 (s, 1H), 6.18 (s, 2H), 5.63 (s, 2H), 5.46 (s, 2H), 4.83 (s, 2H), 4.06 (s, 3H), 3.14 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 158.36, 150.94, 149.86, 147.71, 145.26, 142.46, 141.50, 137.37, 133.01, 130.74, 130.59, 130.50, 126.50, 125.50, 124.84, 123.98, 121.95, 120.46, 120.25, 115.77, 115.47, 108.42, 105.39, 102.10, 66.31, 56.99, 55.42, 47.02, 26.38; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~^+^ \[M+1−Cl\]^+^ 572.0980, found 572.0986.

### 9-O-\[1-(3-fluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 6)

Yellow solid, yield 63%; ^1^H NMR (300 MHz, DMSO): δ 9.69 (s, 1H), 8.93 (s, 1H), 8.47 (s, 1H), 8.20 (d, J=9.2 Hz, 1H), 8.00 (d, J=9.0 Hz, 1H), 7.78 (s, 1H), 7.34 (dd, J=14.2, 7.5 Hz, 1H), 7.03 (dt, J=23.2, 6.5 Hz, 4H), 6.18 (s, 2H), 5.62 (s, 2H), 5.47 (s, 2H), 4.85 (s, 2H), 4.07 (s, 3H), 3.13 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.96, 149.93, 147.78, 145.38, 142.65, 141.46, 137.47, 132.99, 130.90, 130.73, 130.58, 126.66, 125.63, 124.02, 123.78, 122.00, 120.34, 120.23, 115.13, 114.83, 114.49, 108.39, 105.52, 102.16, 66.59, 57.01, 55.51, 52.20, 26.39; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~ ^+^ \[M+1−Cl\]^+^ 572.0980, found 572.0983.

### 9-O-\[1-(4-fluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 7)

Yellow solid, yield 65%; ^1^H NMR (300 MHz, DMSO): δ 9.69 (s, 1H), 8.95 (s, 1H), 8.41 (s, 1H), 8.24 (d, J=9.2 Hz, 1H), 8.05 (d, J=9.1 Hz, 1H), 7.82 (s, 1H), 7.35--7.03 (m, 5H), 6.21 (s, 2H), 5.60 (s, 2H), 5.49 (s, 2H), 4.86 (s, 2H), 4.10 (s, 3H), 3.16 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.03, 149.83, 147.84, 145.22, 142.66, 141.58, 137.44, 132.75, 132.44, 130.93, 130.07, 129.96, 127.01, 125.42, 124.54, 124.28, 122.24, 120.44, 120.31, 115.73, 115.44, 108.49, 105.53, 102.46, 66.78, 57.08, 55.64, 52.51, 26.74; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~^+^ \[M+1−Cl\]^+^ 572.0980, found 572.0985.

### 9-O-\[1-(2-chlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 8)

Yellow solid, yield 59%; ^1^H NMR (300 MHz, DMSO): δ 9.65 (s, 1H), 8.91 (s, 1H), 8.40 (s, 1H), 8.17--8.09 (m, 1H), 8.00 (d, J=9.4 Hz, 1H), 7.75 (s, 1H), 7.38 (d, J=7.5 Hz, 1H), 7.29--7.21 (m, 2H), 7.05 (s, 2H), 6.15 (s, 2H), 5.64 (s, 2H), 5.45 (s, 2H), 4.82 (s, 2H), 4.04 (s, 3H), 3.10 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.13, 149.98, 147.83, 145.29, 142.46, 141.28, 137.44, 133.22, 133.01, 132.72, 130.72, 130.58, 130.39, 129.70, 127.79, 126.54, 126.18, 124.29, 122.15, 120.48, 108.59, 105.60, 102.26, 66.25, 57.19, 55.50, 50.77, 34.21, 26.47; HR-ESI-MS calculated for C~29~H~24~ClN~4~O~4~^+^ \[M+1−Cl\]^+^ 528.1486, found 528.1490.

### 9-O-\[1-(3-chlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 9)

Yellow solid, yield 68%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.93 (s, 1H), 8.20 (dd, J=18.4, 12.4 Hz, 2H), 8.00 (d, J=6.1 Hz, 1H), 7.79 (s, 1H), 7.09 (dd, J=7.3, 3.1 Hz, 4H), 6.85 (s, 1H), 6.18 (s, 2H), 5.56 (s, 2H), 5.47 (s, 2H), 4.80 (s, 2H), 4.06 (d, J=2.9 Hz, 3H), 3.11 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.97, 149.87, 147.71, 145.18, 142.39, 141.22, 137.36, 132.83, 130.59, 130.46, 130.33, 126.12, 125.47, 124.07, 123.97, 122.01, 120.36, 120.31, 115.33, 114.63, 114.69, 108.42, 105.40, 102.10, 66.22, 57.00, 55.25, 52.94, 26.29; HR-ESI-MS calculated for C~29~H~24~ClN~4~O~4~^+^ \[M+1−Cl\]^+^ 528.1486, found 528.1492.

### 9-O-\[1-(4-chlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 10)

Yellow solid, yield 62%; ^1^H NMR (300 MHz, DMSO): δ 9.65 (s, 1H), 8.91 (s, 1H), 8.41 (s, 1H), 8.20 (d, J=9.2 Hz, 1H), 8.01 (d, J=9.1 Hz, 1H), 7.77 (s, 1H), 7.31 (t, J=14.0 Hz, 2H), 7.15 (d, J=8.4 Hz, 2H), 7.07 (s, 1H), 6.17 (s, 2H), 5.55 (d, J=19.2 Hz, 2H), 5.46 (s, 2H), 4.82 (s, 2H), 4.07 (s, 3H), 3.10 (d, J=6.1 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.01, 149.93, 147.77, 145.18, 142.64, 141.33, 137.41, 134.99, 132.88, 130.72, 130.62, 129.55, 128.69, 126.55, 125.58, 124.07, 123.94, 122.01, 120.36, 120.27, 114.57, 108.47, 105.49, 102.13, 66.31, 57.08, 55.34, 51.95, 26.35; HR-ESI-MS calculated for C~29~H~24~ClN~4~O~4~^+^ \[M+1−Cl\]^+^ 528.1486, found 528.1489.

### 9-O-\[1-(2-bromobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 11)

Yellow solid, yield 54%; ^1^H NMR (300 MHz, DMSO): δ 9.66 (s, 1H), 8.93 (s, 1H), 8.34 (s, 1H), 8.21 (d, J=9.2 Hz, 1H), 8.01 (d, J=9.1 Hz, 1H), 7.79 (s, 1H), 7.60 (d, J=2.1 Hz, 1H), 7.45--7.38 (m, 1H), 7.37 (d, J=2.1 Hz, 1H), 7.15--6.97 (m, 2H), 6.18 (s, 2H), 5.65 (s, 2H), 5.48 (s, 2H), 4.83 (s, 2H), 4.08 (s, 3H), 3.22--3.02 (m, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.46, 150.40, 148.24, 146.09, 142.88, 142.01, 138.11, 134.49, 134.15, 133.37, 132.76, 132.23, 131.08, 129.57, 128.28, 127.11, 126.34, 124.60, 122.49, 120.82, 120.79, 108.95, 106.16, 102.78, 66.91, 57.54, 55.97, 50.56, 27.05; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~^+^ \[M+1−Cl\]^+^ 573.0980, found 573.0986.

### 9-O-\[1-(3-bromobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 12)

Yellow solid, yield 50%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.91 (d, J=7.6 Hz, 1H), 8.49 (s, 1H), 8.17 (d, J=9.2 Hz, 1H), 7.99 (d, J=9.1 Hz, 1H), 7.75 (s, 1H), 7.49--7.35 (m, 2H), 7.24 (t, J=7.7 Hz, 1H), 7.19--7.09 (m, 1H), 7.06 (s, 1H), 6.16 (s, 2H), 5.60 (s, 2H), 5.46 (s, 2H), 4.84 (t, J=5.8 Hz, 2H), 4.07 (d, J=8.0 Hz, 3H), 3.12 (t, J=5.8 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.38, 150.33, 148.17, 145.63, 143.16, 141.82, 139.06, 137.80, 133.31, 131.43, 131.36, 131.05 (2C), 127.30, 126.92, 126.11, 124.51, 122.39, 122.27, 120.82, 120.77, 108.91, 105.90, 102.59, 66.83, 57.51, 55.80, 52.39, 26.83; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~^+^ \[M+1−Cl\]^+^ 573.0980, found 573.0986.

### 9-O-\[1-(4-bromobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 13)

Yellow solid, yield 58%; ^1^H NMR (300 MHz, DMSO) δ 9.66 (s, 1H), 8.93 (s, 1H), 8.55--8.29 (m, 1H), 8.22 (d, J=9.2 Hz, 1H), 8.01 (d, J=8.8 Hz, 1H), 7.79 (s, 1H), 7.49 (d, J=7.8 Hz, 2H), 7.08 (s, 3H), 6.18 (s, 2H), 5.52 (d, J=29.6 Hz, 2H), 5.47 (s, 2H), 4.82 (s, 2H), 4.07 (d, J=4.6 Hz, 3H), 3.12 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.73, 150.72, 148.55, 146.05, 143.40, 142.18, 138.18, 136.11, 133.63, 132.18, 131.56, 131.38(2C), 130.38, 126.86, 126.33, 124.96, 122.78, 122.26, 121.13, 120.96, 109.41, 106.16, 102.91, 67.13, 57.77, 56.30, 52.78, 27.06; HR-ESI-MS calculated for C~29~H~24~BrN~4~O~4~^+^ \[M+1−Cl\]^+^ 573.0980, found 573.0987.

### 9-O-\[1-(2-methylbenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 14)

Yellow solid, yield 61%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.92 (s, 1H), 8.42 (s, 1H), 8.20 (d, J=9.2 Hz, 1H), 8.00 (d, J=9.1 Hz, 1H), 7.78 (s, 1H), 7.36--7.22 (m, 3H), 7.15--7.05 (m, 2H), 6.18 (s, 2H), 5.60 (s, 2H), 5.47 (s, 2H), 4.83 (d, J=6.0 Hz, 2H), 4.07 (s, 3H), 3.17--3.07 (m, 2H), 1.30--1.20 (m, 3H); ^13^C NMR (75 MHz, DMSO): δ 150.97, 149.94, 147.83, 145.38, 145.25, 142.68, 141.44, 138.43, 137.46, 133.35, 132.89, 130.60, 128.04, 127.65, 126.61, 126.39, 125.64, 124.09, 122.02, 120.43, 120.32, 108.51, 105.50, 102.22, 66.44, 57.02, 55.35, 52.06, 29.09, 26.39; HR-ESI-MS calculated for C~30~H~27~N~4~O~4~^+^ \[M+1−Cl\]^+^ 539.1726, found 539.1732.

### 9-O-\[1-(4-methylbenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 15)

Yellow solid, yield 74%; ^1^H NMR (300 MHz, DMSO) δ 9.62 (s, 1H), 8.94 (d, J=7.7 Hz, 1H), 8.35 (s, 1H), 8.26--8.16 (m, 1H), 8.03 (t, J=11.6 Hz, 1H), 7.80 (s, 1H), 7.11--6.91 (m, 5H), 6.18 (s, 2H), 5.48 (d, J=9.8 Hz, 4H), 4.76 (t, J=6.0 Hz, 2H), 4.08 (s, 3H), 3.08 (d, J=5.9 Hz, 2H), 2.15 (s, 3H); ^13^C NMR (75 MHz, DMSO) δ 151.56, 150.37, 148.22, 145.62, 142.96, 141.70, 137.84, 133.50, 133.30, 131.09, 129.64, 127.92, 127.04, 125.86, 124.51, 122.56, 120.86, 120.77, 108.93, 105.94, 102.61,100.02, 66.69, 57.53, 55.71, 52.96, 26.76, 21.00; HR-ESI-MS calculated for C~30~H~27~N~4~O~4~^+^ \[M+1−Cl\]^+^ 539.1726, found 539.1731.

### 9-O-\[1-(4-tert-butylbenzy1)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 16)

Yellow solid, yield 68%; ^1^H NMR (300 MHz, DMSO): δ 9.71 (s, 1H), 8.96 (s, 1H), 8.40 (s, 1H), 8.21 (d, J=9.1 Hz, 1H), 8.01 (d, J=9.1 Hz, 1H), 7.80 (s, 1H), 7.28 (d, J=8.2 Hz, 2H), 7.13--6.96 (m, 3H), 6.17 (s, 2H), 5.54 (s, 2H), 5.46 (s, 2H), 4.88 (s, 2H), 4.06 (s, 3H), 3.15 (s, 2H), 1.20 (s, 9H); ^13^C NMR (75 MHz, DMSO): δ 155.73, 151.21, 150.25, 145.67, 148.07, 142.78, 141.57, 138.13, 133.60, 132.96, 130.98, 127.28, 126.64, 125.38, 124.41, 122.13, 120.38, 120.30, 120.22, 119.12, 108.34, 105.65, 102.35, 100.43, 78.61, 57.21, 55.56, 52.50, 34.45, 30.95, 29.23; HR-ESI-MS calculated for C~33~H~33~N~4~O~4~^+^ \[M+1−Cl\]^+^ 550.2501, found 550.2507.

### 9-O-\[1-(3-methoxybenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 17)

Yellow solid, yield 65%; ^1^H NMR (300 MHz, DMSO): δ 9.65 (s, 1H), 8.91 (s, 1H), 8.41 (s, 1H), 8.19 (d, J=9.2 Hz, 1H), 8.00 (d, J=9.1 Hz, 1H), 7.78 (s, 1H), 7.22--7.12 (m, 1H), 7.08 (s, 1H), 6.81--6.73 (m, 2H), 6.64 (d, J=7.5 Hz, 1H), 6.17 (s, 2H), 5.53 (s, 2H), 5.46 (s, 2H), 4.81 (t, J=5.3 Hz, 2H), 4.07 (s, 3H), 3.67 (s, 3H), 3.12 (d, J=5.3 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 159.35, 150.99, 149.88, 147.72, 145.13, 142.58, 141.32, 137.43, 137.37, 132.86, 130.61, 129.84, 126.52, 125.49, 124.03, 122.00, 120.38, 120.29, 119.61, 113.63, 113.20, 108.43, 105.45, 102.12, 66.32, 57.04, 55.29, 55.10, 52.66, 26.33; HR-ESI-MS calculated for C~30~H~27~N~4~O~5~^+^ \[M+1−Cl\]^+^ 523.1981, found 523.1987.

### 9-O-\[1-(4-methoxybenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 18)

Yellow solid, yield 78%; ^1^H NMR (300 MHz, DMSO): δ 9.65 (s, 1H), 8.94 (s, 1H), 8.48 (s, 1H), 8.17 (d, J=8.6 Hz, 1H), 8.01 (d, J=8.3 Hz, 1H), 7.76 (s, 1H), 7.09 (d, J=8.1 Hz, 3H), 6.79 (d, J=7.0 Hz, 2H), 6.16 (s, 2H), 5.47 (s, 2H), 5.44 (s, 2H), 4.83 (s, 2H), 4.05 (s, 3H), 3.64 (s, 3H), 3.09 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 159.57, 151.57, 150.39, 148.23, 145.68, 143.03, 141.83, 137.86, 137.34, 133.42, 131.12, 129.75, 128.45, 127.04, 125.92, 124.63, 122.56, 120.84, 120.56, 119.12, 114.53, 108.95, 106.04, 102.65, 66.86, 57.62, 55.84, 55.64, 52.80, 26.88; HR-ESI-MS calculated for C~30~H~27~N~4~O~5~^+^ \[M+1−Cl\]^+^ 523.1981, found 523.1989.

### 9-O-\[4-(trifluoromethoxy)benzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 19)

Yellow solid, yield 85%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.91 (s, 1H), 8.54 (s, 1H), 8.16 (d, J=9.3 Hz, 1H), 8.02 (d, J=9.2 Hz, 1H), 7.75 (s, 1H), 7.33--7.21 (m, 4H), 7.05 (s, 1H), 6.14 (s, 2H), 5.62 (s, 2H), 5.45 (s, 2H), 4.84 (t, J=5.9 Hz, 2H), 4.04 (s, 3H), 3.16--3.06 (m, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.15, 150.02, 148.15, 147.86, 145.31, 142.79, 141.41, 137.50, 135.58, 133.03, 130.76, 129.93, 126.62, 125.94, 124.31, 122.12, 121.38, 120.48, 120.42, 108.59, 105.62, 102.26, 66.37, 57.22, 55.51, 52.01, 26.50; HR-ESI-MS calculated for C~30~H~24~F~3~N~4~O~5~^+^ \[M+1−Cl\]^+^ 577.1698, found 577.1702.

### 9-O-\[1-(3-(trifluoromethyl)benzyl-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 20)

Yellow solid, yield 83%; 1H NMR (300 MHz, DMSO): δ 9.73 (s, 1H), 8.95(s, 1H), 8.57(s, 1H), 8.21 (d, J=9.2 Hz, 1H), 8.01 (d, J=9.1 Hz, 1H), 7.80 (s, 1H), 7.74(d, J=8.1 Hz, 2H), 7.40 (d, J=8.0 Hz, 2H), 7.12 (s, 1H), 6.24(s, 2H), 5.77 (s, 2H), 5.52 (s, 2H), 4.93 (t, J=5.5 Hz, 2H), 4.14 (s, 3H), 3.16 (d, J=5.6 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.80, 149.72, 147.56, 145.04, 142.62, 141.41, 137.22, 132.67, 131.79, 130.52, 129.76 (2C), 126.33, 125.36, 124.99, 124.88, 124.69, 124.59, 123.84, 121.80, 120.32, 120.23, 108.37, 105.38, 102.05, 65.78, 56.78, 54.83, 51.50, 25.54; HR-ESI-MS calculated for C~30~H~24~F~3~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1749, found 562.1756.

### 9-O-\[1-(4-(trifluoromethyl)benzyl-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 21)

Yellow solid, yield 88%; ^1^H NMR (300 MHz, DMSO): δ 9.75 (s, 1H), 8.96 (s, 1H), 8.56 (s, 1H), 8.23 (d, J=9.2 Hz, 1H), 8.04 (d, J=9.1 Hz, 1H), 7.80 (s, 1H), 7.71 (d, J=8.1 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.10 (s, 1H), 6.20 (s, 2H), 5.77 (s, 2H), 5.51 (s, 2H), 4.91 (t, J=5.5 Hz, 2H), 4.11 (s, 3H), 3.18 (d, J=5.6 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.86, 149.68, 148.06, 145.24, 142.66, 141.71, 137.32, 132.77, 132.09, 130.32, 129.72, 126.37, 125.34, 124.97, 124.78, 124.64, 124.53, 123.90, 121.83, 120.40, 120.33, 108.39, 105.41, 102.15, 65.88, 56.48, 54.63, 52.21, 25.04; HR-ESI-MS calculated for C~30~H~24~F~3~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1749, found 562.1755.

### 9-O-\[1-(2-benzonitrile)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 22)

Yellow solid, yield 79%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.92 (s, 1H), 8.39 (s, 1H), 8.20 (d, J=9.1 Hz, 1H), 8.00 (d, J=9.3 Hz, 1H), 7.90--7.75 (m, 2H), 7.65 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.5 Hz, 1H), 7.23 (d, J=7.3 Hz, 1H), 7.08 (s, 1H), 6.18 (s, 2H), 5.78 (s, 2H), 5.49 (s, 2H), 4.84 (s, 2H), 4.07 (s, 3H), 3.14 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.14, 150.00, 147.63, 145.14, 142.65, 141.36, 141.29, 137.36, 132.88, 132.78, 130.65, 128.32, 126.48, 126.07, 124.14, 122.06, 120.32, 118.36, 110.78, 108.37, 105.38, 102.17, 66.20, 57.12, 55.29, 52.12, 26.31; HR-ESI-MS calculated for C~30~H~24~N~5~O~4~^+^ \[M+1−Cl\]^+^ 519.1828, found 519.1832.

### 9-O-\[1-(4-benzonitrile)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 23)

Yellow solid, yield 83%; ^1^H NMR (300 MHz, DMSO): δ 9.68 (s, 1H), 8.92 (s, 1H), 8.52 (s, 1H), 8.20 (d, J=9.0 Hz, 1H), 8.01 (d, J=8.9 Hz, 1H), 7.82--7.66 (m, 3H), 7.23 (d, J=7.7 Hz, 2H), 7.05 (s, 1H), 6.16 (s, 2H), 5.71 (s, 2H), 5.48 (s, 2H), 4.82 (s, 2H), 4.08 (s, 3H), 3.07 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.04, 150.00, 147.83, 145.18, 142.68, 141.46, 141.24, 137.35, 132.85, 132.61, 130.56, 128.28, 126.52, 126.01, 124.11, 122.02, 120.30, 118.38, 110.85, 108.41, 105.41, 102.14, 66.23, 57.09, 55.31, 52.09, 26.33; HR-ESI-MS calculated for C~30~H~24~N~5~O~4~^+^ \[M+1−Cl\]^+^ 519.1828, found 519.1833.

### 9-O-\[1-(4-nitrobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 24)

Yellow solid, yield 85%; ^1^H NMR (300 MHz, DMSO): δ 9.70 (s, 1H), 8.91 (s, 1H), 8.63 (s, 1H), 8.24--8.04 (m, 3H), 7.99 (d, J=9.1 Hz, 1H), 7.72 (s, 1H), 7.36 (d, J=8.7 Hz, 2H), 7.03 (s, 1H), 6.16 (s, 2H), 5.77 (d, J=9.0 Hz, 2H), 5.48 (s, 2H), 4.87 (t, J=5.6 Hz, 2H), 4.08 (d, J=2.9 Hz, 3H), 3.07 (d, J=5.4 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.45, 150.34, 148.17, 147.51, 145.64, 143.89, 143.19, 141.73, 137.74, 133.29, 132.45, 130.95, 129.22, 126.95, 126.55, 124.53, 124.22, 122.42, 120.70, 118.58, 110.65, 108.82, 105.83, 102.58, 66.75, 57.55, 55.75, 52.27, 26.78; HR-ESI-MS calculated for C~29~H~24~N~5~O~6~^+^ \[M+1−Cl\]^+^ 539.1726, found 539.173.

### 9-O-\[1-(4-methyl formate benzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 25)

Yellow solid, yield 69%; ^1^H NMR (300 MHz, DMSO): δ 9.61 (s, 1H), 8.87 (s, 1H), 8.41 (s, 1H), 8.21 (d, J=8.5 Hz, 1H), 8.01 (d, J=7.9 Hz, 1H), 7.84--7.68 (m, 3H), 7.11 (d, J=7.4 Hz, 2H), 7.03 (s, 1H), 6.17 (s, 2H), 5.65 (s, 2H), 5.49 (s, 2H), 4.75 (s, 2H), 4.08 (s, 3H), 3.81 (s, 3H); ^13^C NMR (75 MHz, DMSO): δ 165.74, 151.30, 150.06, 147.84, 145.20, 142.71, 141.24, 141.09, 137.38, 132.83, 130.54, 129.45, 129.20, 127.52, 126.65, 125.91, 124.16, 122.19, 120.25, 108.43, 105.48, 102.19, 66.14, 57.06, 55.35, 52.18, 26.36; HR-ESI-MS calculated for C~31~H~27~N~4~O~6~^+^ \[M+1−Cl\]^+^ 552.1930, found 552.1936.

### 9-O-\[1-(4-(methylsulfonyl)benzyl-4-ethyl-1H-1, 2, 3-triazole) berberine chloride (compound 26)

Yellow solid, yield 73%; ^1^H NMR (300 MHz, DMSO): δ 9.73 (s, 1H), 8.93 (s, 1H), 8.53 (s, 1H), 8.19 (d, J=9.2 Hz, 1H), 8.01 (d, J=9.2 Hz, 1H), 7.89 (d, J=8.3 Hz, 2H), 7.77 (s, 1H), 7.45 (d, J=8.3 Hz, 2H), 7.07 (s, 1H), 6.17 (s, 2H), 5.77 (s, 2H), 5.47 (s, 2H), 4.90 (t, J=5.6 Hz, 2H), 4.06 (s, 3H), 3.19 (s, 3H), 3.17 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.86, 149.91, 147.75, 145.27, 142.83, 141.71, 141.57, 140.52, 137.47, 132.94, 130.65, 128.60, 127.45, 126.54, 125.84, 124.01, 121.87, 120.36, 120.27, 108.45, 105.47, 102.13, 66.54, 57.08, 55.40, 52.12, 43.44, 26.39; HR-ESI-MS calculated for C~30~H~27~N~4~O~6~S^+^ \[M+1−Cl\]^+^ 572.1651, found 572.1656.

### 9-O-\[1-(2, 4-difluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 27)

Yellow solid, yield 74%; ^1^H NMR (300 MHz, DMSO): δ 9.70 (s, 1H), 8.96 (d, J=8.6 Hz, 1H), 8.46 (s, 1H), 8.23 (d, J=9.2 Hz, 1H), 8.05 (t, J=7.6 Hz, 1H), 7.82 (d, J=6.8 Hz, 1H), 7.37 (tt, J=13.3, 5.2 Hz, 2H), 7.15--7.00 (m, 2H), 6.20 (s, 2H), 5.61 (s, 2H), 5.49 (s, 2H), 4.88 (t, J=5.8 Hz, 2H), 4.11 (d, J=6.2 Hz, 3H), 3.16 (t, J=5.8 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.95, 149.91, 147.73, 145.20, 142.70, 141.45, 137.40, 132.88, 131.89, 130.60, 126.55, 125.52, 124.02, 121.95, 120.34, 120.29, 118.02, 117.80, 117.35, 117.06, 108.44, 105.44, 102.13, 100.24, 66.37, 57.06, 55.48, 51.58, 26.45; HR-ESI-MS calculated for C~29~H~23~F~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 530.1687, found 530.1692.

### 9-O-\[1-(2, 6-difluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 28)

Yellow solid, yield 63%; ^1^H NMR (300 MHz, DMSO): δ 9.66 (s, 1H), 8.93 (s, 1H), 8.34 (s, 1H), 8.19 (d, J=8.9 Hz, 1H), 8.00 (d, J=8.7 Hz, 1H), 7.79 (s, 1H), 7.43 (s, 1H), 7.09 (s, 3H), 6.18 (s, 2H), 5.63 (s, 2H), 5.44 (s, 2H), 4.85 (s, 2H), 4.06 (s, 3H), 3.15 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 159.26, 150.98, 150.15, 149.83, 147.96, 145.19, 142.77, 141.62, 137.76, 133.14, 131.69, 130.66, 126.66, 125.65, 124.09, 122.02, 120.49, 112.05, 111.93, 111.79, 108.53, 108.30, 105.51, 102.19, 99.15, 66.29, 57.08, 55.47, 26.46; HR-ESI-MS calculated for C~29~H~23~F~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 530.1687, found 530.1691.

### 9-O-\[1-(3, 4-difluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 29)

Yellow solid, yield 67%; ^1^H NMR (300 MHz, DMSO): δ 9.70 (s, 1H), 8.97 (d, J=16.3 Hz, 1H), 8.45 (s, 1H), 8.25 (t, J=8.7 Hz, 1H), 8.06 (dd, J=15.2, 9.2 Hz, 1H), 7.82 (d, J=6.8 Hz, 1H), 7.38 (dt, J=17.9, 9.0 Hz, 2H), 7.10 (d, J=10.8 Hz, 2H), 6.21 (s, 2H), 5.61 (s, 2H), 5.49 (s, 2H), 4.88 (s, 2H), 4.10 (s, 3H), 3.21--3.06 (m, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.97, 149.92, 147.75, 145.62, 142.71, 141.39, 137.75, 137.42, 133.71, 132.89, 130.62, 126.56, 125.52, 124.05, 121.97, 120.36, 120.28, 117.98, 117.88, 117.30, 117.12, 108.46, 105.45, 102.14, 66.37, 57.07, 55.36, 51.60, 26.36; HR-ESI-MS calculated for C~29~H~23~F~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 530.1687, found 530.1690.

### 9-O-\[1-(4-chloro-2-fluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 30)

Yellow solid, yield 66%; ^1^H NMR (300 MHz, DMSO): δ 9.64 (s, 1H), 8.91 (s, 1H), 8.24 (d, J=37.4 Hz, 2H), 7.90 (d, J=64.3 Hz, 2H), 7.36 (d, J=23.5 Hz, 3H), 7.08 (s, 1H), 6.18 (s, 2H), 5.66 (s, 2H), 5.44 (s, 2H), 4.82 (s, 2H), 4.06 (s, 3H), 3.14 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 159.56, 151.01, 149.92, 147.77, 145.23, 142.20, 141.31, 137.39, 134.82, 132.89, 131.88, 131.75, 130.62, 126.51, 125.73, 124.08, 122.02, 120.98, 120.38, 115.06, 114.77, 108.48, 105.45, 102.15, 66.24, 57.03, 55.38, 44.47, 26.37; HR-ESI-MS calculated for C~29~H~23~ClFN~4~O~4~^+^ \[M+1−Cl\]^+^ 545.1391, found 545.1397.

### 9-O-\[1-(2-bromo-4-fluorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 31)

Yellow solid, yield 62%;^1^H NMR (300 MHz, DMSO): δ 9.66 (s, 1H), 8.91 (s, 1H), 8.43 (s, 1H), 8.20 (d, J=9.0 Hz, 1H), 7.99 (d, J=9.1 Hz, 1H), 7.77 (s, 1H), 7.60 (d, J=8.1 Hz, 1H), 7.21 (d, J=9.5 Hz, 1H), 7.07 (s, 1H), 6.90 (d, J=8.4 Hz, 1H), 6.16 (s, 2H), 5.59 (s, 2H), 5.46 (s, 2H), 4.83 (s, 2H), 4.07 (s, 3H), 3.10 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.93, 149.91, 147.74, 145.19, 142.69, 141.35, 138.22, 138.18, 137.39, 133.82, 132.84, 130.57, 126.54, 125.64, 125.33, 123.99, 121.94, 120.32, 120.23, 116.25, 115.95, 108.42, 105.45, 102.10, 66.33, 57.04, 55.29, 51.54, 26.32; HR-ESI-MS calculated for C~29~H~23~BrFN~4~O~4~^+^ \[M+1−Cl\]^+^ 590.0886, found 590.0890.

### 9-O-\[1-(2, 4-dichlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 32)

Yellow solid, yield 73%; ^1^H NMR (300 MHz, DMSO): δ 9.67 (s, 1H), 8.92 (s, 1H), 8.31 (s, 1H), 8.19 (d, J=8.1 Hz, 1H), 8.01 (s, 1H), 7.79 (s, 1H), 7.60 (s, 1H), 7.22 (s, 1H), 7.03 (d, J=28.1 Hz, 2H), 6.18 (s, 2H), 5.64 (s, 2H), 5.49 (s, 2H), 4.83 (s, 2H), 4.07 (s, 3H), 3.13 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.62, 150.58, 145.84, 143.12, 139.79, 135.46, 133.39, 131.24, 130.96, 130.85, 128.76, 127.14, 126.45, 123.38, 122.65, 122.34, 120.93, 120.84, 109.05, 105.99, 102.84, 102.77, 98.27, 96.17, 67.35, 58.44, 56.21, 54.21, 27.63; HR-ESI-MS calculated for C~29~H~23~Cl~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1096, found 562.1094.

### 9-O-\[1-(2, 5-dichlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 33)

Yellow solid, yield 53%; ^1^H NMR (300 MHz, DMSO): δ 9.64 (s, 1H), 8.91 (s, 1H), 8.26 (s, 1H), 8.18 (d, J=9.2 Hz, 1H), 7.99 (d, J=9.1 Hz, 1H), 7.78 (s, 1H), 7.48 (d, J=7.5 Hz, 2H), 7.37 (dd, J=9.0, 7.1 Hz, 1H), 7.08 (s, 1H), 6.18 (s, 2H), 5.74 (d, J=5.8 Hz, 2H), 5.44 (s, 2H), 4.81 (s, 2H), 4.06 (s, 3H), 3.13 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.03, 149.93, 147.78, 145.24, 142.06, 141.27, 137.38, 135.83, 132.90, 131.64, 130.60, 130.26, 128.93, 126.51, 125.69, 124.09, 122.05, 120.38, 120.33, 108.50, 105.46, 102.16, 66.19, 57.04, 55.39, 48.62, 30.73, 26.37; HR-ESI-MS calculated for C~29~H~23~Cl~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1096, found 562.1095.

### 9-O-\[1-(2, 6-dichlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 34)

Yellow solid, yield 58%; BBR-57 ^1^H NMR (300 MHz, DMSO): δ 9.65 (s, 1H), 8.92 (s, 1H), 8.32 (s, 1H), 8.18 (d, J=9.2 Hz, 1H), 7.99 (d, J=9.1 Hz, 1H), 7.78 (s, 1H), 7.41 (td, J=8.2, 6.2 Hz, 1H), 7.35--7.20 (m, 2H), 7.08 (s, 1H), 6.17 (s, 2H), 5.66 (s, 2H), 5.44 (s, 2H), 4.83 (t, J=5.8 Hz, 2H), 4.06 (s, 3H), 3.15 (d, J=5.9 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 162.85, 159.53, 150.97, 149.87, 147.72, 145.20, 142.18, 141.30, 137.34, 134.79, 132.86, 131.85, 130.57, 126.47, 125.74, 124.04, 121.98, 120.95, 120.34, 115.03, 114.74, 108.44, 105.42, 102.12, 66.23, 57.00, 55.34, 44.42, 26.34; HR-ESI-MS calculated for C~29~H~23~Cl~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1096, found 562.1092.

### 9-O-\[1-(3, 4-dichlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 35)

Yellow solid, yield 76%; ^1^H NMR (300 MHz, DMSO): δ 9.66 (s, 1H), 8.88 (s, 1H), 8.47 (s, 1H), 8.18 (d, J=9.2 Hz, 1H), 8.00 (d, J=9.1 Hz, 1H), 7.75 (s, 1H), 7.52 (dd, J=10.4, 4.9 Hz, 2H), 7.17--7.03 (m, 2H), 6.16 (s, 2H), 5.60 (s, 2H), 5.46 (s, 2H), 4.83 (d, J=5.3 Hz, 2H), 4.07 (s, 3H), 3.12 (d, J=5.5 Hz, 2H); ^13^C NMR (75 MHz, DMSO): δ 150.92, 149.89, 147.74, 145.15, 142.62, 141.30, 137.32, 136.81, 132.85, 131.23, 131.00, 130.93, 130.57, 129.88, 128.09, 126.45, 125.57,123.90, 121.92, 120.37, 120.28, 108.46, 105.22, 101.88, 66.19, 56.81, 55.30, 51.21, 26.16; HR-ESI-MS calculated for C~29~H~23~Cl~2~N~4~O~4~^+^ \[M+1−Cl\]^+^ 562.1096, found 562.1094.

### 9-O-\[1-(2, 4, 6-trichlorobenzyl)-4-ethyl-1H-1, 2, 3-triazole\] berberine chloride (compound 36)

Yellow solid, yield 63%; ^1^H NMR (300 MHz, DMSO): δ 9.57 (s, 1H), 8.90 (s, 1H), 8.17 (d, J=9.1 Hz, 1H), 8.07--7.92 (m, 2H), 7.81 (s, 1H), 6.75 (s, 2H), 6.18 (s, 2H), 5.44 (s, 4H), 4.65 (s, 2H), 4.05 (s, 3H), 3.10 (s, 2H); ^13^C NMR (75 MHz, DMSO): δ 151.15, 149.93, 147.80, 145.19, 141.93, 141.05, 137.72, 137.53, 137.32, 132.81, 131.02, 130.98, 130.59, 128.98, 128.62, 126.51, 124.99, 124.06, 122.19, 120.40, 120.25, 108.50, 105.50, 102.29, 66.02, 57.03, 55.17, 47.50, 19.22; HR-ESI-MS calculated for C~29~H~22~Cl~3~N~4~O~4~^+^ \[M+1−Cl\]^+^ 596.0706, found 596.0708.

Cell culture
------------

Human umbilical vein endothelial cell (HUVEC), SW-1990 (human pancreatic carcinoma), and SMMC-7721 (human liver carcinoma) cell lines were provided by Research and Development Center for New Drugs, School of Pharmacy, Second Military Medical University, Shanghai, People's Republic of China. MCF-7 (human breast adenocarcinoma) cells were provided by the Shanghai Institute of Materia Medica (Chinese Academy of Sciences). All adherent cell lines, including MCF-7, SW-1990, and SMMC-7721, were cultured in a humidified 5% CO~2~ atmosphere at 37°C. Cells were cultured in Dulbecco's Modified Eagle's Medium supplemented with 10% fetal bovine serum and 100 units/mL penicillin; 0.1 mg/mL of streptomycin and HUVEC were cultivated in Endothelial Cell Growth Medium. This medium was prepared with 485 mL of Endothelial Basal Medium (without serum) and 15 mL of growth supplement (3%) of fetal bovine serum. HUVEC cells were cultivated between passages 1 and 7.

Cytotoxic activity
------------------

The in vitro cytotoxicity of the newly synthesized target compounds 4--36 against MCF-7, SW-1990, SMMC-7721, and HUVEC cell lines was measured by an assay was based on the cleavage of the yellow tetrazolium salt MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sigma-Aldrich) to form purple formazan crystals in viable cells. The cells were plated in 96-well culture plates at a density of 10,000 (MCF-7), 5,000 (SW-1990), 6,000 (SMMC-7721), and 5,000 (HUVEC) cells per well and incubated for 24 hours at 37°C in a 5% CO~2~ incubator. The compounds were dissolved in DMSO and diluted with culture medium. The compounds were added to the wells at final concentrations of 1.95, 3.9, 7.8, 15.625, 31.25, 62.5, 125, and 250 μM before incubation at 37°C in a 5% CO~2~ incubator for 48 hours. After that, the cells were treated with 10% volume ratio (v/v) MTT dye solution (5 mg/mL) for 4 hours. The media with MTT solution was replaced with DMSO (150 μL). The 96-well culture plates were then gently shaken in the dark for 30 minutes, and absorbance at 570 nm and 630 nm (background) was measured with a microtiter plate reader. The half-maximal inhibitory concentration (IC~50~) value was determined from the chart of cell viability (%) against compound dose (μM).[@b34-dddt-8-1047]

In vitro cytotoxic activities were evaluated for all synthesized compounds against the MCF-7, SW-1990, SMMC-7721, and HUVEC cell lines. Berberine was taken as the reference standard in this study. Berberine and compounds 4--36 were dissolved in DMSO and diluted with culture medium containing 0.1% DMSO. Cells were treated with culture medium containing 0.1% DMSO. The percent inhibition of viability at each concentration of the compounds was calculated with respect to the control, and IC~50~ values were estimated with the software SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Each experiment was repeated three times, and the results are summarized in [Table 1](#t1-dddt-8-1047){ref-type="table"}. The response parameter calculated was IC~50~ values ([Table 1](#t1-dddt-8-1047){ref-type="table"}), which corresponded to the compound concentration causing 50% mortality in net cells.

Statistical analysis
--------------------

Each experiment was performed at least in triplicate. The data are presented as mean ± standard deviation. Using analysis of variance, statistical significance was determined. Mean values with probability values of *P*\<0.05 were taken as statistically significant.

Results and discussion
======================

In vivo anticancer activity
---------------------------

From the IC~50~ values ([Table 1](#t1-dddt-8-1047){ref-type="table"}) and percentage inhibition data ([Figures 2](#f2-dddt-8-1047){ref-type="fig"}--[4](#f4-dddt-8-1047){ref-type="fig"}), it is obvious that most of the tested compounds displayed better anticancer activities than that of the reference drug berberine with an IC~50~ value of 121.91±11.26 μM (MCF-7) and 68.06±7.76 μM (SMMC-7721). However, the activity of berberine against SW-1990 cells was better than that of the derivatives, with an IC~50~ value of 27.64±3.04 μM. Berberine only exhibited greater than 50% inhibition against SW-1990 cell growth at 62.5 μM. In addition, the tested compounds generally showed a lower effect on noncancer cells (HUVECs) than the reference drug berberine, which had an IC~50~ value of 18.33±2.31 μM. For example, compounds 4, 14, 15, 17, 18, 26 and 32 against HUVEC cell line had IC~50~ values of 71.92±9.04, 67.69±8.95, 145.71±19.01, 61.66±6.78, 71.18±9.03, 74.62±9.21 and 65.96±7.26, respectively.

Compound 16 has a tert--butyl group substituted phenyl, which inhibited the human pancreatic carcinoma SW-1990 cell line and human liver carcinoma SMMC-7721 cell line, with IC~50~ values of 8.54±1.97 μM and 11.87±1.83 μM, while it had a lower effect than berberine on noncancerous HUVEC cells, with an IC~50~ value of 25.49±3.24 μM. In comparison, the IC~50~ values of compound 16 against MCF-7, SW-1990, and SMMC-7721 were 8, 3, and 6 times lower than that of berberine. However, it was less potent than compound 36 against the human breast adenocarcinoma MCF-7 cell line, with an IC~50~ value of 15.80±2.14 μM. [Figures 2](#f2-dddt-8-1047){ref-type="fig"}--[4](#f4-dddt-8-1047){ref-type="fig"} show that compound 16 exhibited greater than 50% inhibition of MCF-7, SW-1990, and SMMC-7721 cell growth at 7.8 μM.

Compound 36 has 1, 3, 5-trichloro substituents instead of an R position. It showed the best activity of all of the derivatives against the MCF-7 cell line, with an IC~50~ value of 12.57±1.96 μM. It was less potent than compound 16 against the SW-1990 cell line (IC~50~ value of 13.32±2.36 μM) and the SMMC-7721 cell line (IC~50~ value of 18.68±2.69 μM), and displayed lower cytotoxicity than berberine to HUVEC cells, with an IC~50~ value of 30.47±3.47 μM. Furthermore, compound 36 exhibited greater than 45% inhibition of MCF-7 cell growth at 7.8 μM ([Figure 2](#f2-dddt-8-1047){ref-type="fig"}), which is much better than the reference drug berberine and other target compounds.

Compounds 4 (R=−H), 5--7 (R=−2-F, −3-F, −4-F), 8--10 (R=−2-Cl, −3-Cl, −4-Cl), 11--13 (R=−2-Br, −3-Br, −4-Br), 14-15 (R=−2-CH~3,~ −4-CH~3~), 17--18 (R=−3-OCH~3,~ −4-OCH~3~), and 24 (R=−4-NO~2~) were single substitution at the R position. Among them, compound 14 inhibited the SMMC-7721 cell line, with an IC~50~ value of 19.95±2.33 μM. Compound 15 inhibited the MCF-7, SW-1990, and SMMC-7721 cell lines, with IC~50~ values of 37.83±4.66 μM, 32.03±4.23 μM, and 39.37±4.98 μM, respectively. However, compound 24 exhibited weaker activities than compound 15 against the three cancer cell lines (MCF-7, SW-1990, SMMC-7721), with IC~50~ values of 206.47±23.59 μM, 54.23±6.55 μM, and 63.81±8.90 μM, respectively. Compound 4 contained no group on the substituted phenyl ring and exhibited weaker anticancer activities against the three cancer cell lines than compound 15 but better activities than compound 13. Compounds 5, 6, and 7 have a single fluorine instead of an aromatic ring at the ortho, meta, and para positions. However, these compounds showed weaker anticancer activities than any other compounds with electron-withdrawing substituents on the phenyl group (compounds 8--13).

Among the derivatives tested, compounds 25 and 26 had 4-methyl formate and 4-methylsulfonyl at the R position, respectively, which inhibited against four cancer cells lines with IC~50~ values of 248.55±20.13 μM (MCF-7), 165.27±18.94 μM (SW-1990), and 53.49±5.84 μM (SMMC-7721), and 206.84±19.65 μM (MCF-7), 100.76±9.01 μM (SW-1990), and 69.68±8.93 μM (SMMC-7721), respectively.

From the data, we can indicate that adding disubstituted groups on the phenyl ring of compounds 27--35 showed moderate effect against three human cancer cell lines. However, compounds 32--35 had a dichlorine group at the R position and had enhanced activity compared to that of other electron-withdrawing group derivatives (compounds 27--31). Compounds 32 and 35 had 2, 4-dichloro and 3, 4-dichloro substituents on the phenyl group, respectively. Compounds 32 and 35 inhibited against the MCF-7, SW-1990, and SMMC-7721 cell lines, with IC~50~ values of 28.20±3.46 μM (compound 32, MCF-7), 30.78±4.32 μM (compound 35, MCF-7), 28.09±2.68 μM (compound 32, SW-1990), 20.35±2.35 μM (compound 35, SW-1990), 27.94±2.53 μM (compound 32, SMMC-7721), and 16.15±2.92 μM (compound 35, SMMC-7721). However, the IC~50~ value of compound 35 against HUVECs was four times lower than that of 32. It is obvious that compound 32 showed weaker cytotoxicity than compound 35 against the noncancer HUVEC cell line. Besides, among these derivatives, compound 33 showed the most potent cytotoxicity against HUVECs, with an IC~50~ value of 7.88±1.12 μM.

Compared to compound 32 (R=−2, 4-2Cl) the activity of compound 30 (R=−2-F, 4-Cl) was weaker. Similarly, compound 27 had 2-4-difluorine substituents on the phenyl group, but the cytotoxicity of compound 27 against the three cancer cell lines was lower than that of compound 31 (R=−2-Br, 4-F).

Conclusions
===========

This study described the construction of a new series of triazole-containing berberine derivatives using CuAAC "click" chemistry. All of the compounds synthesized were screened for anticancer activity against a panel of three human cancer cell lines, MCF-7 (breast), SW-1990 (pancreatic), and SMMC-7721 (liver), and the noncancer HUVEC (human umbilical vein endothelial cell) cell line. From the data, it was evident that most of the target compounds exhibited better anticancer activity against all the tested cancer cell lines than the reference drug berberine used in this study. Compounds 16 and 36, which had tert--butyl and 1,3,5-trichlorosubstituents on the phenyl group, were the most promising target compounds. It was noted that highly active anticancer compounds showed lower cytotoxicity to the noncancerous HUVEC cells compared with berberine. Detailed mechanistic studies are currently underway in our laboratory.
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![General route for synthesis of triazolyl berberine derivatives.\
**Notes:** Reagents and conditions: (**A**) 190°C, 20--30 mmHg, 15 minutes; (**B**) BrCH~2~C≡CH, CH~3~CN, reflux, 2.5 hours; (**C**) DMF, 3 hours; (**D**) CuSO~4~ · 5H~2~O, sodium ascorbate, DMF, 50°C.\
**Abbreviation:** DMF, dimethylformamide.](dddt-8-1047Fig1){#f1-dddt-8-1047}

![Inhibitory rate (%) of compounds 4--36 against MCF-7 cell line at 7.8 μM.\
**Notes:** Data are presented as mean ± SD of at last three replicates from three independent experiments. \**P*\<0.05 versus BBR. \*\**P*\<0.01 versus BBR.\
**Abbreviations:** BBR, berberine; Blank, culture medium alone, without compounds; MCF-7, human breast adenocarcinoma antidrug resistance cell line; SD, standard deviation.](dddt-8-1047Fig2){#f2-dddt-8-1047}

![Inhibitory rate (%) of compounds 4--36 against SW-1990 cell line at 7.8 μM.\
**Notes:** Data are presented as mean ± SD of at last three replicates from three independent experiments. \**P*\<0.05 versus BBR; \*\**P*\<0.01 versus BBR.\
**Abbreviations:** BBR, berberine; Blank, culture medium alone, without compounds; SD, standard deviation; SW-1990, human pancreatic carcinoma cell line.](dddt-8-1047Fig3){#f3-dddt-8-1047}

![Inhibitory rate (%) of compounds 4--36 against SMMC-7721 cell line at 7.8 μM.\
**Notes:** Data are presented as mean ± SD of at last three replicates from three independent experiments. \**P*\<0.05 versus BBR. \*\**P*\<0.01 versus BBR.\
**Abbreviations:** BBR, berberine; Blank, culture medium alone, without compounds; SD, standard deviation; SMMC-7721, human liver carcinoma cell line.](dddt-8-1047Fig4){#f4-dddt-8-1047}

###### 

In vitro cytotoxicity (IC~50~, μM)[a](#tfn1-dddt-8-1047){ref-type="table-fn"} of the title compounds 4--36 against three human cancer cell lines and the human umbilical vein endothelial cell line

  Compound   R               IC~50~ (μM)                                
  ---------- --------------- -------------- -------------- ------------ --------------
  4          H               77.87±10.26    28.58±3.77     35.39±4.02   71.92±9.04
  5          2-F             75.01±9.35     64.03±8.46     44.52±4.88   44.00±5.03
  6          3-F             69.88±8.73     62.59±7.85     51.49±6.03   44.26±4.50
  7          4-F             73.54±10.21    53.63±6.33     54.58±5.98   49.82±6.13
  8          2-Cl            79.70±11.43    40.66±4.26     39.97±4.07   33.15±3.82
  9          3-Cl            66.09±7.12     46.80±4.26     41.10±3.69   48.17±4.90
  10         4-Cl            45.90±4.46     37.93±3.52     43.67±4.91   31.45±3.22
  11         2-Br            25.50±3.40     25.21±3.12     24.31±3.69   13.91±2.46
  12         3-Br            66.42±7.26     50.45±6.84     33.49±5.01   25.84±4.73
  13         4-Br            47.10±6.93     30.39±4.89     20.02±2.37   11.16±2.60
  14         2-CH~3~         40.76±5.92     23.69±3.47     19.95±2.33   67.69±8.95
  15         4-CH~3~         37.83±4.66     32.03±4.23     39.37±4.98   145.71±19.01
  16         4-C(CH~3~)~3~   15.80±2.14     8.54±1.97      11.87±1.83   25.49±3.24
  17         3-OCH~3~        41.24±6.90     32.64±5.67     21.67±3.35   61.66±6.78
  18         4-OCH~3~        46.67±5.82     35.64±4.21     17.36±2.31   71.18±9.03
  19         4-OCF~3~        36.68±5.63     28.99±3.26     24.97±3.41   10.66±1.45
  20         3-CF~3~         86.22±10.48    39.29±3.76     32.16±5.20   42.60±4.56
  21         4-CF~3~         68.07±7.56     36.80±3.45     23.28±2.63   14.40±2.04
  22         2-CN            209.35±21.58   80.99±10.54    63.99±8.26   14.77±2.54
  23         4-CN            174.37±20.47   101.07±15.73   57.31±6.26   47.28±5.34
  24         4-NO~2~         206.47±23.59   54.23±6.55     63.81±8.90   36.47±3.46
  25         4-CO~2~CH~3~    248.55±20.13   165.27±18.94   53.49±5.84   48.89±5.68
  26         4-SO~2~CH~3~    206.84±19.65   100.76±9.01    69.68±8.93   74.62±9.21
  27         2,4-2F          70.73±6.45     68.98±9.33     35.91±4.76   12.08±2.11
  28         2,6-2F          174.17±17.26   46.20±5.70     25.31±4.34   46.25±5.72
  29         3,4-2F          81.18±10.43    38.46±4.65     43.77±5.32   50.73±6.73
  30         2-F,4-Cl        150.48±13.26   38.86±4.26     14.32±1.93   54.39±6.26
  31         2-Br,4-F        59.58±6.83     44.23±5.52     18.88±2.36   18.84±2.83
  32         2,4-2Cl         28.20±3.46     28.09±2.68     27.94±2.53   65.96±7.26
  33         2,5-2Cl         65.50±7.22     38.57±4.57     24.21±3.48   7.88±1.12
  34         2,6-2Cl         73.63±8.94     22.76±2.26     15.67±2.33   20.91±2.90
  35         3,4-2Cl         30.78±4.32     20.35±2.35     16.15±2.92   15.68±2.31
  36         2,4,6-3Cl       12.57±1.96     13.32±2.36     18.68±2.69   30.47±3.47
  BBR                        121.91±11.26   27.64±3.04     68.06±7.76   18.33±2.31

**Note:**

IC~50~ is the drug concentration effective in inhibiting 50% of the cell growth measured by the MTT assay after 48 hours of drug exposure.

**Abbreviations:** BBR, berberine; HUVEC, human umbilical vein endothelial cell line; IC~50~, half-maximal inhibitory concentration; MCF-7, human breast adenocarcinoma antidrug resistance cell line; MTT, yellow tetrazolium salt 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; R, substituent on the benzene ring; SMMC-7721, human liver carcinoma cell line; SW-1990, human pancreatic carcinoma cell line.
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